Abstract In the Netherlands, as well as in many other countries, there is an increasing interest in implementing education about engineering as a part of general education at the upper secondary school level. In order to know what pupils at that level think about engineering, a study has been done to investigate their attitude towards and their concept of engineering. This study was done not only in the Netherlands but also in 39 other countries. In the preparation of the study, pupils were asked to draw concept maps of what they thought engineering was about. In the quantitative main part of the study, pupils were asked to respond to 33 Likert-type attitude items and 32 concept-items of the same type. A factor analysis was done in order to reveal the dimensions in the pupils' attitude and concept. In contrast to studies carried out amongst students in lower secondary school levels, a fairly clear concept about engineering was found. The gender differences relating to engineering, found in lower secondary education, were not found in upper secondary education. The prevalent attitude of students towards engineering indicated a fairly positive image of engineering.
Introduction
In order to create suitable lesson materials on engineering for upper secondary school, the first step is to get an accurate measurement of the pre-existing concept and image pupils have when being introduced to engineering as a new subject.
The aim of this article is to investigate the pre-existing image pupils have regarding engineering before this subject is implemented in the upper high school study curriculum.
In many countries, engineering emerges as a new element in technology education. In the USA this has even caused a name change for the technology teachers' association: it was renamed from International Technology Education Association (ITEA) into International Technology and Engineering Engineering Association (ITEEA). Moreover the National Academy of Engineering (NAE) emphasizes the significance of engineering education at pre-university level (Committee on Standards for K-12 Engineering Education 2010). It is also visible in the acronym STEM (Science, Technology, Engineering and Mathematics), which increases rapidly in popularity in the USA and in the UK. In the Netherlands, there
is not yet a substantial movement towards introducing engineering in secondary schools, but first initiatives are present at the moment. In the 1980s, when several countries introduced technology education as a successor to some kind of craft education, studies into pupils' attitudes and concepts towards technology appeared to be informative with respect to the ideas that pupils have in mind when they enter technology education. Many of these studies were done in the context of the Pupils' Attitudes Towards Technology (PATT) movement. A PATT questionnaire was developed (Bame et al. 1993 ) and used in many countries (de Klerk Wolters et al. 1990 ) and PATT conferences were held in order to bring together researchers and other people involved in technology education, to provide a discussion platform for PATT-related issues. With this in mind, we decided to do a similar study on engineering. PATT studies began in lower secondary education, as this was the level of education at which technology education was compulsory in most countries. For engineering, upper secondary level seems to be a good starting point, as it often requires more knowledge of scientific concepts and principles and mathematics that pupils build up in lower secondary education. So we decided conduct a study into upper secondary pupils' attitudes towards and concepts of engineering, similar to the PATT studies for technology. As part of the success of PATT is its international character, we also decided to make our research study an international one. One of us, Umit Koycu, is a secondary school teacher with a wide network of international contacts, which had been build up in the course of many years of involvement in international science and technology education competitions for schools.
So far, little has been done in this domain. This has been noted in the CCETE study (Hacker et al. 2009 ), which is aimed toward formulating core concepts for engineering education. The concepts ''design (as a verb)'', ''system'', ''modeling'', ''social interaction'', and ''optimization'' were given the highest average score by the Delphi experts. There are very few studies on what pupils think about engineering. One study reported on the development of a drawing test for students in grades 3-5, 6-8 and 9-12 in the USA (Knight and Cunningham 2004) . They found that engineering was mostly associated with designing. Karatas, Mickos and Bodner did a study among grade six students in the USA and found that for that age level the students' images of engineering were 'fragile, or unstable' (Karatas et al. 2010 ). Evidently, not much is known yet about what senior secondary school children think about engineering. This research aims to elucidate the preconceptions prevalent amongst students in grades 9-12. A subsequent study will be aimed at identifying the influence of lesson materials on the results of engineering education.
Research methodology
In the preparatory part of this study, we used concept maps to explore the pupils' concept of engineering.
Ü . K} oyc} u, M. J. de Vries As our study was meant to be similar to PATT studies, we decided to use similar instruments. For technology, the dimensions in the pupils' attitudes were well known from the many PATT studies, in which these dimensions were found quite consistently in various countries. There is always an 'interest' dimension, one that reflects 'importance' of technology, 'accessibility' of technology, a gender dimension, a career dimension and a dimension that reflects assessment of technology (is it good or bad?). We started by assuming that similar dimensions would be present for engineering. Therefore we developed a questionnaire, similar to the PATT questionnaire, consisting of Likert-type items related to the dimensions as mentioned. We decided, however, first to do an exploratory qualitative study into pupils' image of engineering, using concept maps. These had not been used in PATT studies before. In those studies, pupils were often asked to write short essays. As we aimed at doing an international study, we realized that getting essays from a wide range of countries, in many of which English is not the mother tongue of the pupils, so we decided to use a method that contains less words and yet allows pupils in an equal way to express their ideas. Additionally, concerns regarding the use of this instrument in some countries based on their formulation and language were assuaged by using translations in the primary language of these countries (Spanish, Chinese, Arabic, Russian, Turkish, German, Japanese, Dutch and French). Since the 1980s when the PATT studies began, concept maps have become an increasingly popular research method with as an additional advantage that many teachers also use it in their teaching to help pupils develop understanding of concepts and their relations. As in PATT studies, we also developed Likert-type concept items in the questionnaire. We used the concept maps to develop those items. The items were formulated as topics of which pupils had to identify to which extent they were associated with engineering. We had to think carefully about the distinctions between technology and engineering in order not to do another PATT study. We chose to focus on two differences:
1. engineering is limited to certain professions while technology is something all people can be involved in, and 2. engineering is only about developing new technologies (designing, producing),while technology is also about using products.
As we were interested in investigating differences between subpopulations, we added some background variables, similar to the way that was done in PATT studies: pupils' age, gender, class, father's and mother's professions, experience with technology (toys, computers, museums), engineers among relatives and the presence of a school subject on engineering in their curriculum. The questionnaire, which was administered between September 2010 and February 2012, consists of 65 items. 33 of these items dealt with attitude while the remaining 32 were aimed at understanding their concept of engineering. Pupils filled the questionnaire in approximately 15 min. Some examples of items are; 1. I always want to install or try something that I have bought 2. Both men and women can be a good engineer 3. To become an engineer you have to follow difficult courses 4. An engineer is useful for its country 5. Perhaps I want to become an engineer in the future
The questionnaire was developed in such a way that it could be filled in electronically. This facilitated distribution worldwide and enabled faster processing as the data were available in an electronic form (as an Excel file) immediately. With the intervention of colleague-teachers in participating countries, the questionnaire was administered among 7591 upper secondary pupils. Both urban and rural schools were included, in a representative balance for each country. Pupils in 13 countries drew concept-maps, which were aggregated to a total of 31 concept maps, with each country corresponding to two or three concept maps. The item scores and scores on background variables were processed through the SPSS program.
In Table 1 the number of respondents (pupils) from the clusters of countries is presented.
Per country one or two schools were involved. In some cases the schools were in very different parts of the country. This means that the overall scores that we present here are a result of mixing pupils from very different contexts. The numbers are, of course, small for a worldwide study, and the sample is by no means representative for a country. The number of pupils per country is too small to draw any reliable conclusions about that individual country. Besides that, it was not our purpose to draw conclusions for individual countries. Our reason for administering the questionnaire worldwide is to get a first impression of possible differences between different regions and cultures. In order to reach that goal, we have clustered the countries, depending on certain similarities (level of technological development, economy, culture, etcetera). The following clusters we have made: Western Countries, Latin America, Africa, Far-East, South Asia, Middle East, Former Soviets and Eastern Europe.
In this article the main focus is on the quantitative analysis of data (the questionnaire). The qualitative part fo the study (the concept maps) was used as a basis for the quantitative instrument (the questionnaire).
Results: qualitative part (concept maps)
We will now present the outcomes of the preparatory part of the study, by using concept maps to explore the pupils' concept of engineering. We have presented some examples of the concept maps in Fig. 1 . Many of the concept maps revealed a level of sophistication that was surprisingly high compared to the outcomes of many PATT studies in which the Ü . K} oyc} u, M. J. de Vries concept of technology was asked for by using a questionnaire. We found many keywords in the maps that reflected a fairly good understanding of what engineering is about. By comparing all keywords found in the concept maps, we were able to derive four main categories of keywords. Of course this way of 'coding' is never entirely without reference to existing ideas about the concept that is studied (engineering in our case). We know from literature (e.g. introductory books about engineering, and for instance the definition of engineering in the Free Dictionary (www.thefreedictionary.com): ''The application of scientific and mathematical principles to practical ends such as the design, manufacture, and operation of efficient and economical structures, machines, processes, and systems''). That there is a research dimension to engineering, as well as a design and development dimension and also a social and managerial dimension (Nersessian 2005) . With such ideas in mind, we analyzed the concept maps. Many of these keywords were found in several concept maps. Two examples of concept maps with randomized pupils' names, countries and ages (for anonymity) are shown in Fig. 1 .
Structure has been given to the list of keywords, by categorizing into relevant dimensions. The concept maps give the impression that pupils are aware of several different What preconceptions and attitudes about engineering are… dimensions in engineering. Some keywords clearly refer to the research dimension in engineering (examples: analysis, calculating, continuous searching, research). This dimension was never found in studies about pupils' concepts of technology before. It can indeed be used to characterize the particular nature of engineering compared to the wider concept of technology: engineering has an important research component. Pupils also seem to be aware of the development dimension in engineering. They are able to mention details about that aspect, such as working with requirements, optimizing, drawing, making, testing, et cetera. It is interesting to see that in some concept maps even the term 'modelling' was found, which certainly reflects a fairly sophisticated insights into the nature of engineering. It is also interesting to see that many of the concept maps contained the managerial aspects of engineering (examples: managing, teamwork). Finally, we observed that pupils also show an awareness of the economic and social dimension of engineering (reflected in words like government, money, good/bad). We realize that it is possible that the teachers selected good pupils to draw the concept maps and that our sample is not representative for all pupils. Representativeness for all students was not the aim of the concept maps, however. We wanted to see what kinds of dimensions are present in the pupils' minds and not in what percentage of the pupils' minds these dimensions are present. With a factor analysis on the quantative data acquired with the questionaire, we wanted to find out whether dimensions were also present in the larger sample of students.
The resulting categories and examples of keywords for each category are presented in Table 2 .
Results: quantitative part (Likert-questionnaire)
We present the final outcome of our research following a division in:
• a factor analysis that reveals the dimensions in the pupils' attitude towards and concept of engineering, • the scale scores that were derived from this analysis as well as the differences between subpopulations. In total 7591 usable questionnaire results were received from the students in the various countries in which the questionnaire was administered. Yet, the variations in scores indicate that for many items there scores do not show extreme variations and it does make sense to look at the overall outcomes. Also we believe that the factors we found match so well with PATT studies and with what we found in the concept maps that we present them with confidence in their validity. An important validity argument is that the items that were most strongly correlated to a factor, in all cases allowed for a clear and unambiguous interpretation of the factor.
For the attitude part of the questionnaire, we found the factors seen in Table 3 . The dimensions used as part of the Likert questionnaire, were obtained from the factor analysis. Items scoring higher than 0, 8 on the Cronbach's alpha have been included. The 'N of items' column refers to the number of items that were selected to construct a scale score, based on the factor analysis (items scoring lower on a factor were dropped until a significant drop of Cronbach's alpha appeared). The Cronbach's alpha in the second column represents the reliability of that scale. Evidently, all scales are reliable when we use 0.80 as a minimum requirement.
These factors (and the derived scales) are similar to what had been found in PATTstudies (as well as in studies on attitudes towards science; in fact, they seem to be very general for attitudes (de Vries 2005; Dakers and de Vries 2009) . Surprisingly, there is no gender factor, although that was found in nearly all PATT studies and gender-related items had been included in the questionnaire. These items had dissolved in the 'interest' and 'difficulty' factors and were not distinguishable as a separate dimension. A possible explanation for this, to be explored in further research, is that pupils in upper secondary education are beyond gender-related choices such as their curriculum profile (natural sciences or social sciences) and also they have moved significantly in their development towards adolescence and thus have overcome gender-related personality issues (Radford 1998) ; In other words: pupils at this school and age level appear to not want to be bothered by gender considerations anymore when thinking about technology or engineering.
For the concept part of the questionnaire, the factors seen in Table 4 were identified.
Here we find that four factors lead to reliable scales based on factor analysis, where naming and scaling was possible. These factors (scales) clearly match with what we had found in the concept maps. Compared to what was found in PATT studies, the research dimension stands out as particular for engineering. This matches well with reality. Engineers do a lot of research and this distinguishes them from technicians and do-it-your-self hobbyists. An interesting question, to be researched further, is how pupils have learnt this. In most countries, engineering is not part of their curriculum. Perhaps the popularity of some television programs as broadcasted by Discovery Channel and the National Geographic Channel, in which research often features as part of engineers' work, has had an impact on what pupils think of engineering. In general, pupils in upper secondary education seem to be much more aware of the process character of engineering than lower secondary school pupils are aware of the process character of technology. For most PATT studies, it was found that lower secondary school pupils associate technology mostly with artefacts/products, not with processes of creation or invention. The scores per scale are presented in Table 5 .
Here are the scores from the survey (Likert scale of 1-4).
As for interest perception: 1 means very much interested and 4 means a low interest. Generally speaking here we observe that many students are interested in engineering.
For importance: 1 means extremely important and 4 means not important. Regarding importance, the pupils are almost neutral towards it.
For difficulty: 1 means a high level of difficulty and 4 indicates a low level of difficulty. With a score of 2149, we can generally say that the students find the courses related to engineering very difficult.
For assessment: 1 means good 4 means bad social impacts. The results show that students think that engineers have brought the society much good.
Interest, importance, difficulty and assessment together form the attitude-scale. Research, development, production and marketing are the four scales that make up the image scale about engineering.
For research: 1 represents that research is an important part of the research image, and 4 says it does not constitute a significant part of the image. According to these results, students see research as an important aspect of engineering.
For development: 1 indicates development is an important part of engineering, and 4 means that development is not an important part of engineering. Students according to these results see an important role for a development as part of engineering.
For production: 1 means production forms an important part of engineering, and 4 means that production does not play an important part in engineering. These results indicate that for the students, production generally plays an important role.
For marketing: 1 means marketing is an important part of the image and 4 indicates it does not constitute a significant part of the image. Students seem to see an important role for marketing as part of engineering as well.
As can be seen in Table 5 , for each part there is a large standard deviation. This indicates that the influence of a country as a background variable largely determines the perceptions of the pupils.
It is interesting which of the background variable has the most significant effect on attitudes and concepts. To find that out, we did regression analysis on the data. We included the differences between country groups in this analysis. The relation between the background variables and the scale scores has been shown by conducting a regression Table 6 . Significant correlations are printed in a bold face. From this regression analysis, it appears that the country of the respondents has a significant effect on the attitude of students towards engineering and also the image of students towards engineering. Other background variables do not exert a significant effect. In this article we will therefore examine the background variable 'country of the pupil' in some more detail. Concurrently, in addition to the country as a variable, the presence of school subject and student's choice have a significant impact on the image and attitude towards engineering. All other variables have a limited effect. In this article we have chosen only for country/region to be described in more detail. We choose not to use t-tests, as these can only be applied to some of the background variables (those with two subgroups only). In Table 7 the scale scores are presented per region. Significant differences are printed in bold.
Here we must mention that the differences seem small, but that according to the regression analysis they are nevertheless significant. We realise this happens more easily with these large numbers of respondents than with small numbers. Nevertheless, we think the differences are worth considering. Our considerations here are only tentative; more extensive study would be necessary to find out if the suggestions made are have real significance.
We start with the attitude-related items:
Interest: Pupils generally show an interest in engineering (scores on interest items of 2.2 on the 4-point scale with score 1 as very interesting. This is similar to what was found for technology in PATT studies (de Vries 2005); If we compare the clusters of countries we see that pupils in the Far East, Eastern Europe and South Asia show the most interest in engineering. We will present some speculations as to what might be the cause of these differences. We immediately add to this that it can be questioned if the differences in the role of engineering between regions that are described in literature are perceived indeed by pupils of this age. But as they probably have become regular readers of newspapers and watchers of news broadcasts, their awareness of how engineering impacts their own country may have developed sufficiently to be traceable in our survey.
During the Industrial Revolution, a period from 1750 to 1850, there where changes in agriculture, manufacturing, mining, transportation, and 'technology' had a profound effect on the social, economic and cultural conditions of the times. It began in Western Europe, North America, Japan, and spread in the rest of the world (Maddison 2003) . In an industrial society, there was a rapid growth of both the factories and the urban population. Economically, you can describe a factory as a machining process where raw materials enter and valuable products developed. Due to the enormous growth of factories in the seventies, there had be a reduction in the workforce in Western Countries (Davies 2004) . The trend towards outsourcing was fed by strategic considerations. Many companies decide to outsource because it cut costs such as labor costs, regulatory costs, and training costs. Asian countries tend to have workers who will complete the same amount of work as in the United States, but for less than half the salary that an American employee will make (Hira and Hira 2008) . Now the production divisions of large companies have established themselves in developing countries, would that have brought a shift in the minds of people towards engineering. The socio-economic, political and historical characteristics of countries would be able to explain to the opinions of residents, including students.
Importance: Pupils are aware of the importance of technology (scores of around 2.3 on the 4-point scale with 1 as very important). This, too, is similar to what PATT studies showed for technology; If we compare the subpopulations we see again that students in the Far East, Eastern Europe and South Asia find engineering the most important. Students from the Former Sovjets consider an average importance of engineering. Students from Western Countries, Africa and Middle East and Latin America consider a lower importance of engineering when we compare them with the rest of the students of the world. Again we see that developing countries who are closing the gap with Western knowledge economies, transfer their overtaking urge to the students in their own country (The World Bank 2009) It is remarkable that students from the developed countries of the west have an opposite attitude. They seem to think engineering is less important than the pupils of other regions.
Difficulty: Pupils think that engineering is not too difficult for them (score around 2.3 on the 4-point scale with 1 for not accessible). This too is similar to what was found in PATT studies. The degree of difficulty also depends on how many hours the students are taught in the STEM subjects. These are students who already have chosen subjects in the sciencedirection. However, a student in the Netherlands is taught with an average of 2 h per week in physics, while students in Japan receive 5 h (CBS 2011). Because of an international BAMA structure introduced in 1999, the expected learning outcomes of secondary education in these subjects is more or less equalized (Bologna Process 1999) . Also, the admission tests to colleges and universities are different. While the top ten percent of students in Turkey be able to study an engineering study because of the quota, students work harder on average to be admitted. The need to work harder reduces the difficulty.
Assessment: Pupils generally believe engineering brings about more good things than bad things (scores of around 2.30 on the 4-point scale with 1 as more good than bad things). This, too, matches with what PATT studies showed for technology. But students in the Middle East and Africa indicate that the wars and coups happening in the area are also fed with products made by engineers. One student's answer was very characteristic for those groups: ''Engineers have researched and invented products. Those inventions are discovered fields of raw materials such as, diamond, gold and oil. With this people became rich. In order to stay rich, they have wars or take coups. This also happened with the discoveries of engineers. The weapons are also made by them. With weapons are there people slain in Africa and Middle east. Engineers have unknowingly broken a lot''.
The gender item scores tend to veer more towards the neutral point of the scale than the other interest scores. Pupils indicate that they do not have strong opinions on this. This confirms the fact that gender did not come out as a separate factor.
For the concept-related items, we observe that all four dimensions found in the factor analysis have item scores between 2.1 and 2.4 and items that have higher scores mostly refer to 'softer' issues (for instance, artistic aspects and clothing).
The following are concept-related items:
Research: Because the students in Africa and the Middle East do not always have the devices that are present in Western Countries, they think that is because of discoveries made in the West. This corresponds to historical economic characteristics of the West, obtained in the industrialization and economy (OECD 1999) . In the early twenty-first century businesses increasingly outsourced to suppliers outside their own nation. Western companies were able to focus their money and resources more towards improving the core aspects of its business when outsourced, mostly research and development. For example Philips had in the years after World War II 90 % of all its divisions in the Netherlands. Now only 10 % of Philips Research remained in the Netherlands. The rest are outsourced to India and Poland. (OECD 2006) This will help to give an explanation about the image that students in the Western Countries.
Development: Countries where the production departments have gone to were the Far East, Southern Asia and Eastern Europe. This could be an explaining factor of the students' image of development in those countries.
Production: Countries like China and India have gained by outsourcing many manufacturing divisions. The area is full of factories, while in London for example, there is no more factory to see. The image of engineering by students depends either on their environment. Their environment in Far East, South Asia and East Europe is filled with factories and production (CIA Factbook 2010).
Marketing: The students see that more and more products designed by engineers had also a part in marketing. For example they use devices as an Iphone, designed by Apple in California, assembled in China, as a very good selling product.
Conclusion and discussion
Our study suggests that upper secondary school children have a fairly good idea of what engineering is and they generally have a positive attitude towards it. The former differs from what was found in previous PATT studies (Dakers and de Vries 2009) for lower secondary and primary pupils, and for technology instead of engineering. Our results also suggest a more rich concept of engineering than was found among younger children (Karatas et al. 2010; Knight and Cunningham 2004) . That is a favorable outcome for developing engineering-related activities in upper secondary education, as it seems that there is a certain foundation already onto which can be built further. The results of this study are not always consistent with prior work in the field. Prior studies suggested elementary-, and middle school students as most likely to cite making or assembling vehicles and building structures as examples of the process of engineering (Fralick et al. 2009; Knight and Cunningham 2004; Lyons and Thompson 2006; Karatas et al. 2010) . The secondary high school students between the ages of 15 and 18, which were included in our study, were more likely than participants in prior work to invoke the image of engineers researching or developing a product as part of the engineering process. They also have the idea that engineers are involved in the production of materials and the marketing part of it. The images of the nature of engineering that emerged in this study suggest that engineering is an active process. Almost all of the students' concept maps included some form of research, whether it was at a university or a science centre, developing a product, inventing, or to produce a product in a factory. Selling the products was also mentioned as a dimension of engineering, which suggests that more elements of engineering were seen in this study than in prior work. Generally there was no large demarcation in this study between students who believed that engineers are researching or developing products and those who focused on the process by which engineers supposedly take part of the production part of it and build the product and selling the products. It was apparent in both the drawings and the interview data that engineering was seen as something that was done by skilled craftsmen who are involved in the research, development, production and marketing processes. An indicator that the students' views of engineers and engineering were surprisingly well developed could be seen in the students' existence of self-confidence in their responses. This was shown by the tendency for the students to all respond at some point in the interview with ''I absolute agree'' or ''I totally disagree with'' and prosecute the discussion of that particular topic when the teachers and the researcher tried to confirm their responses.
When the students were asked whether engineering is ''male profession,'' their response was negative. 74 % of the male and 81 % of the female students' clearly indicated that women are just as good as they were in engineering, which is not consistent with prior work that suggests that middle-school boys have stronger aspirations toward technologically oriented jobs than girls (Bame and Dugger 1989; de Klerk Wolters 1989) . The inconsistency between the near absence of female engineers in the society and universities and the results of this study, could maybe summarized with ''Yes, we can, because we have better marks in science''. This hypothesis needs to be tested in future studies.
The analysis of the data collected in this study showed similarities between the content of the students' concept maps and their answers to the questionnaire. These clearly match, even though the questionnaires were collected for a higher number of students and countries. Compared to what was found in PATT studies, the research dimension stands out as a specific part of engineering. This corresponds well with reality. Engineers do a lot of research and this distinguishes them from technicians and do-it-your-self hobbyists. An interesting question, to be researched further, is how pupils have learnt this. In most countries, engineering is not part of their curriculum. Perhaps the popularity of some television programs as broadcasted by Discovery Channel and the National Geographic Channel, in which research often features as part of engineers' work, has had an impact on what pupils think of engineering.
In summary, for education the conclusion could be drawn that each country group needs a separate structure related to pre-university Engineering Education. The students already have a very clear image which engineering is, but have a more regional emphasis on various parts of engineering. Pupils generally have shown that engineering includes four parts: research, development, production and marketing. For example, in the Netherlands as a Western country there should be more emphasis on attitude component importance, as well as image component development. And in China as a Far East country there should be more attention for on the image component research. Lesson sets with more emphasis on research, would improve the image of students from China on that aspect, without losing sight of other components. It could be built on the very clear image of what pupils appear to have on development, marketing and production in particular.
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